Scientific user facilities provide resources and support that enable scientists to conduct experiments or simulations pertinent to their respective research. Consequently, it is critical to have an informed understanding of the impact and contributions that these facilities have on scientific discoveries. Leveraging insight into scientific publications that acknowledge the use of these facilities enables more informed decisions by facility management and sponsors in regard to policy, resource allocation, and influencing the direction of science as well as more effectively understand the impact of a scientific user facility.
INTRODUCTION
Scientific user facilities such as Spallation Neutron Source (SNS) and European Synchrotron Radiation Facility (ESRF) provide physical resources and technical support that enable scientists to conduct experiments or simulations pertinent to their respective research. Such facilities provide significant capabilities not found anywhere else. Consequently, both facility management and sponsors want to know what impact their respective facility has on scientific discovery. Justification for the existence and funding of these facilities drives the need for appropriate performance metrics of the facility. One performance metric is the number of publications that users produce as a direct result of using the facility.
Oak Ridge National Laboratory (ORNL) is currently home to eight user facilities. One of these facilities is Oak Ridge Leadership Computing Facility (OLCF), which was established in 2004 with the purpose of creating and supporting a supercomputer 100 times more powerful than current compute platforms [4] . OLCF provides high performance computing resources to support breakthrough research and scientific discovery in a wide range of fields such as climate, chemistry, biology, physics, and energy. Unlike many scientific user facilities, OLCF is unique in that it impacts a much wider range of scientific domains. As of 2013, OLCF is home to Titan, the world's fastest open science, unclassified supercomputer, which has a peak performance of more than 20 petaflops (floating point operations per second). Titan consists of nearly 300k processor cores, 710 terabytes of system memory, and over 18k of GPU (graphics processing unit) accelerators.
One of the ways that scientists around the world can access this user facility is through the Innovative and Novel Computational Impact on Theory and Experiment (INCITE) program [2] . Each year, this facility requests proposals for research that would utilize OLCF's computing resources [3] . These proposals describe the science that will be performed using OLCF resources as how many "core hours" will be needed to perform the project. For example, a proposal regarding simulation of climate change may request 10 million core hours of Titan access. Like funding, OLCF has a maximum number of core hours each year that must be wisely distributed to the various proposals. Consequently, it is imperative to define and measure a return on investment (ROI) of core hours into the selected proposals. The work described here shows an initial attempt to harness scientific publications over a multi-year period as one aspect of defining and measuring that ROI.
BACKGROUND
This work continues and leverages previous work described in [5] . A significant challenge faced by user facilities is the initial identification of authors who utilized their resources to produce publications. The solution in [5] enabled the automatic collection and filtering of 5 years worth of publications for OLCF spanning 2008 -2012. The current work is now focused on the analysis of the content and distribution of these publications. The goal then is to begin the process of using the results of this analysis as a feedback loop to decision-making regarding resource allocation.
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RELATED WORK
This work is highly focused on a multi-year content analysis of scientific publications. This is a result of the fact that many questions of interest to facility management and sponsors require a multi-year perspective and that the impact of a user facility on scientific research may not be seen immediately, but rather over a period of time. With respect to this, other research has been conducted into the study of multi-year scientific publications.
In the work of [6] , the national scientific output of Singapore over a 10-year period was evaluated with bibliometric analysis. A number of factors were analyzed including citation counts, total publication counts by year, document type (e.g., conference, journal, book) and impact of single author publications versus multi-author publications. The business case for the work of [6] was to evaluate Singapore with respect to other countries and how their position relative to other countries would impact investment into specific areas of science. Our work is similar to this, but on a smaller scale and focused on just scientific user facilities.
In the work of [1] , a generic approach using cluster views and time-zone views is discussed in order to identify emerging trends and transient patterns in scientific publications. Two specific areas are evaluated: mass extinction (1981 -2004 ) and terrorism (1990 -2003) . By using both cluster and time views of the data, the speed and direction of a particular research field can be more easily seen. Our work is similar, but expanding to include analysis of authors and publishing venues.
ANALYSIS
As mentioned previously, the data set consists of publications from 2008 -2012 that clearly acknowledge the use of OLCF facilities. The data used for analysis is actually a subset of larger set of publications that, while not clearly acknowledging the use of OLCF resources, are a result of having used OLCF resources. The intention here is to limit the scope of data and understand the value of analysis prior to expanding to a more complete set of publications. Conclusions drawn here could be considered preliminary and representative of the analysis outcomes that may be accomplished, and not final outcomes.
Initial analysis seeks to answer who, what, where, and when questions. Consequently, we focused on three areas: authorship, topics, and publication venue. Authorship provides a view into "who" is doing the impacting on the scientific community. The topics provide insight into "what" scientific areas are being impacted. Publication venue exposes "where" the scientific impact is occurring. Publication venue is significant for this business case in that it defines the audience that may be impacted because of research conducted using OLCF resources. This gives a first indication as to whether the audience is small, large, homogenous, heterogeneous, or multi-disciplinary.
Finally, performing a multi-year content analysis provides insight into the "when" questions.
Authors
Authorship for OLCF related papers presents several challenges. First, some authors did not have direct access to OLCF resources but were collaborators. Next, authors may not necessarily be the principle investigator (PI) of an OLCF project. In addition, some authors may be neither a direct user of OLCF resources nor a PI of an OLCF project, but used results generated from others who used OLCF resources to get the results. Other challenges also exist in regard to authorship.
For this work, initial analysis focused strictly on the first author of the paper, how many OLCF related publications that author published, and whether or not that author published at least one OLCF related papers over multiple years. Tables 1 through 5 show these initial results. Of particular interest in these results is that most of the prolific authors are also multi-year authors. While not shown here due to space constraints, many authors who are not prolific (only 1 publication in a particular year) are also not multi-year authors. 
Topics
In regard to topics, various levels of granularity can be shown. In this particular work, topics were analyzed by the year. At a high level, what overall direction did OLCF related publications focus in a particular year. Future work will investigate finer granularities of topics with respect to specific science areas. Figures 1 through 5 show word clouds generated using an online tool called Wordle [8] . Word clouds use the frequency of a word as a means of showing how some words are more prominent or significant than other words. For each publication in a given year, the Term Frequency -Inverse Corpus Frequency (TF-ICF) term weighting scheme [7] was used to identify the most significant terms for each publication. Then, for each significant term, the frequency across all papers was computed. The most frequent, significant terms across all publications for each year were then visualized using Wordle. Of particular interest in the word clouds is the increase in high performance computing related terms (e.g., multicore, gpu, mpi, cuda, scalability) in years 2011 and 2012. This is prior to Titan becoming operational. 
Publication Venue
Publication venue provides another significant aspect of measuring impact for a user facility. Where a paper is published can significantly affect the citation count. In addition, much like topics, analyzing the venues provides similar insight into the scientific domains that may be impacted by the user facility. Figure 6 shows the most frequently used venues for OLCF related papers from 2008 -2012. One interesting aspect is that a significant number of venues for 2012 are related to high performance computing, prior to Titan becoming operational. 
FUTURE WORK & SUMMARY
This work shows several promising opportunities to leverage scientific publications as one possible measure for return on investment into proposals that utilize a user facility's resources. One possible extension to this work is the introduction of social network analysis via co-authorship. Many of the co-authors of these publications are not direct users of the user facility.
Consequently, this represents a secondary impact that user facilities may have on the science community. Another area of opportunity is investigating the impact of specific OLCF project over a period of more than five years and how a specific project may produce future proposals to OLCF.
This current effort provides an initial start in harnessing scientific publications as one aspect of defining and measuring the ROI of a scientific user facility's resources. After collecting a set of publications related to the Oak Ridge Leadership Computing Facility, we investigated three aspects: publication venues, content, and authorship. These aspects provide additional insight into the outcomes and impacts of existing OLCF projects that can be then used in making more informed decisions by facility management and sponsors in regard to policy, resource allocation, and influencing the direction of science.
